Abstract: I quantified resource use with respect to habitat, diet, and diel and seasonal use of basking time for five sympatric turtle species in a cove on Kentucky Lake, an impoundment of the lower Tennessee River in western Kentucky, U.S.A. I used pseudocommunity analyses to test for significant structure in resource use, compared resource-use matrices with matrices representing phylogenetic similarity, and measured morphological characteristics related to resource use. Three strictly riverine species (Graptemys pseudogeographica, Graptemys ouachitensis, and Apalone mutica) with relatively long limbs and digits used outer portions of the cove near deeper waters to a greater extent than did two shorter-limbed species (Trachemys scripta and Pseudemys concinna), which inhabit both lotic and lentic waters. Only the difference in habitat between A. mutica and the other four species was shown to be significant in pseudocommunity analysis, a result that can be better explained by differences in basking substrates than by competition. Dietary studies indicated two guilds, omnivore and algivore, in spite of the low pairwise overlap values that resulted from overall prey diversity. Analysis of use of diel and seasonal basking time revealed significant structure (partitioning) at only the rank of second-nearest neighbor for seasonal time. Clustering phenograms for resource similarity among the five species were overall highly similar to two phylogenetic hypotheses. Phylogeny was thus shown to be of greater importance in structuring resource use in Kentucky Lake than interspecific competition. In addition, the similarity in clustering phenograms was not consistent with the hypothesis of niche complementarity, suggesting that interspecific competition was of little importance.
Introduction
Techniques for quantifying overlap in resource use within species assemblages have a long history (e.g., Morista 1959; Horn 1966; Pianka 1973; Hurlbert 1978; Lawlor 1980a; Slobodchikoff and Schulz 1980) . More recently, null models have been developed to test the hypothesis that resource use within an assemblage is random versus the alternative hypothesis that resource use is related to the presence of competing species and (or) functional constraints on resource use (Lawlor 1980b; Winemiller and Pianka 1990; Pianka 1992 ). Null-model techniques involve iterated randomizations of the data in a community resource-use matrix (e.g., a speciesby-diet category matrix) and computation of "pseudocommunity" overlaps. In randomizations, the zero elements of the matrix may be randomized with the nonzero data ("scrambled zeroes") or kept in their original positions ("conserved zeroes"). When observed overlap values are lower than 95% of pseudocommunity overlap values derived from the "conserved-zeroes" approach, partitioning of resources is assumed to be significant (Lawlor 1980b; Winemiller and Pianka 1990; Pianka 1992) . Similarly, guild structure may be detected in the "scrambled-zeroes" approach (Winemiller and Pianka 1990; Pianka 1992) .
When more than one resource dimension (e.g., food, habitat, or time; Pianka 1973) in an assemblage is analyzed, it is often found that high pairwise overlap values in one dimension tend to be associated with low overlap values in another dimension (Schoener 1974 (Schoener , 1977 . This pattern, termed niche complementarity (Schoener 1974) , presumably minimizes competition by reducing overall resource-use overlap in an assemblage. The pattern also suggests that it is important to study resource use along multiple dimensions.
In addition to competitive interactions, historical ecological factors may determine the structure of an assemblage. The initial pseudocommunity analyses were conducted on assemblages with 15-59 species (Pianka 1992) without regard to information on the phylogenetic relationships of the species considered. Vitt and colleagues (Vitt and Caldwell 1994; Vitt 1995; Vitt and Carvalho 1995; Vitt and Zani 1996) used pseudocommunity analyses to study overlap in Neotropical assemblages (primarily of lizards) and interpreted results within a phylogenetic context. High resource-use overlap values among closest relatives were typical of three lizard assemblages (Vitt 1995; Vitt and Carvalho 1995; Vitt and Zani 1996) , while overlap values appeared to be distributed more randomly in an assemblage of two lizard and eight anuran species (Vitt and Caldwell 1994) .
Of studies that have compared resource use within turtle assemblages, few have included overlap coefficients, and none have employed pseudocommunity analysis. Most studies have been focused on dietary differences. Significant dietary differences among sympatric congeners have been reported (Berry 1975; Vogt 1981; Williams and Christiansen 1981) and dietary differences among three closely related species in sympatry showed the largest species to be most herbivorous and the smallest species to be least herbivorous (Hart 1979) . Dietary differences in two tropical assemblages have been shown to relate to the presence and relative density of sympatric species (Vogt and Guzman Guzman 1988; Moll 1990 ). Two of the aforementioned studies also have found interspecific differences in habitat use (Hart 1979; Williams and Christiansen 1981) . A single study of turtles found possible diel partitioning of time, with regard to trap-success data that were interpreted as being related to foraging activity (Tinkle 1958) .
I collected data on resource use of five turtle species inhabiting a single cove of an impounded river: the slider turtle (Trachemys scripta), river cooter (Pseudemys concinna), false map turtle (Graptemys pseudogeographica), Ouachita map turtle (Graptemys ouachitensis), and smooth softshell turtle (Apalone mutica). Resources studied were microhabitat, diet, and diel and seasonal use of basking time. My primary objective was to evaluate the relative roles of phylogeny (historical resource use) and interspecific interactions (competition) in determining resource use of these five species. I also took six morphological measurements in an attempt to relate morphology to resource use.
The phylogenetic relationships of the five species studied have been described as (A. mutica, ((T. scripta, P. concinna) , (G. pseudogeographica, G. ouachitensis) )) based on morphological analyses (Gaffney and Meylan 1988) , although recent genetic analyses suggest that Trachemys is more closely related to Graptemys than to Pseudemys (Bickham et al. 1996) . If phylogeny was the major determinant of structure in resource use within the assemblage, I predicted that (i) pseudocommunity analysis would reveal little significant partitioning of resources, and (ii) overlap values would follow phylogenetic lines for all resource types studied, i.e., no niche complementarity would occur, so that positive correlation would be evident in comparisons between resource types of similarity scores of species pairs. If competition was more important than phylogeny, I predicted that (i) significant partitioning of resources would be revealed in pseudocommunity analyses, (ii) overlap values would not follow phylogenetic lines for at least some resource dimensions, and (iii) niche complementarity would be evident in the form of negative correlation in resource-use similarity scores.
Study area
Kentucky Lake is a reservoir created in 1945 by impounding the Tennessee River 35.8 km upstream of its confluence with the Ohio River in western Kentucky, U.S.A. The main lake channel is up to 1.8 km wide, with several embayments along either shore created by old creek beds. Discharge of the reservoir averages 1800 m 3 /s. Kentucky Lake is inhabited by 12 species of aquatic turtles (Iverson 1992 ; the terrestrial species Terrapene carolina is not included in this total).
Nickell Cove (Fig. 1 ) is a 0.5 km long embayment that gradually tapers to a creek inlet at its northeast tip. At its juncture with the lake channel, it is 0.25 km in width. Water depth at 1 m from shore was relatively uniform throughout the cove, but depths 5 and 15 m from the shore tended to be greater near the main channel of the lake (Fig. 2) .
Nickell Cove is a part of the Land Between the Lakes National Recreation Area, a 68 800-ha area without permanent human habitation. Access to the cove is by LBL 104, a gravel road that leads out along the southern edge of the embayment nearly to the lake channel. Three primitive campsites occur along the southern shoreline and were almost continually in use between May and August of the years of study. Predominant human activities in the cove were swimming, fishing, and boating. Wave action primarily affected the northern undeveloped shoreline, where most potential basking substrates (logs and branches) were located. Because of the distribution of basking substrates and absence of human activity along the northern shore, most observable turtle activity occurred there.
Six habitat zones were designated based on features of the north shoreline of the cove: (a) Apalone Beach, a flat gravel beach with heavy wave action; (b) Eroded Shoreline Cliffs, an area with gravel substrate and steep shorelines eroded by wave action; (c) Sandy Spit Beach, a flat gravel-and-sand promontory projecting out into the cove and away from the main lake channel; (d) Sandy Spit Cove, a still area behind the promontory with shoreline vegetation and a substrate of mud, sand, and submerged woody debris; (e) Buttonbush North, a shallow still area with a substrate of mud and woody debris, and numerous emergent buttonbush (Cephal-anthus occidentalis); and (f) Creek Inlet, the site at which a small creek widened into the cove, with a substrate of mud and woody debris.
I originally hoped to conduct a comparative study of the resource use of six emydids and two trionychids. However, the emydids Chrysemys picta and Graptemys geographica were never recorded at the study site, and the trionychid Apalone spinifera was rarely recorded (four observations, one capture). I eliminated three species from the study, the chelydrid Chelydra serpentina and the kinosternids Sternotherus odoratus and Kinosternon subrubrum, because their extremes in body size, bottom-walking habit, and lack of regular basking activity made them unlikely competitors with emydids and trionychids. The present study was thus limited to four emydids (T. scripta, P. concinna, G. pseudogeographica, and G. ouachitensis) and a trionychid (A. mutica). During 1993 During -1995 counted basking turtles in Nickell Cove at a variety of times of day and at a variety of times of year using a spotting scope with 22-60× zoom magnification. I identified turtles to species and recorded the habitat zone (Fig. 1 ) in which each was sighted and the type of basking substrate. The maximum distance at which I could effectively identify turtles was approximately 125 m. Criteria used for species identification are given in Lindeman (1997b) .
Methods

Comparison of resource use
For collection of dietary samples and measurement of morphological characteristics, turtles were captured using basking traps (MacCulloch and Gordon 1978) , a fyke net (Vogt 1980; 1995 sampling only) , and hand capture (primarily hatchlings). I frequently counted basking turtles immediately prior to checking basking traps, which provided an opportunity to check how well I was able to identify species. No turtles observed on basking traps were misidentified.
Turtles observed basking in six habitat zones (Fig. 1 ) in which most observations took place were used in the analysis of habitat differences. Community use of habitat zones was represented by the proportion of observations of all five species made in each habitat zone. Calculation of niche breadth was made using the proportional similarity index (PS) of Feinsinger et al. (1981) :
where p i is the proportion of all sightings of a species in habitat zone i and q i is the proportion of all sightings of all five species in habitat zone i. Values of q i represent proportional community use of resources (Sale 1974; Lawlor 1980a) . I represented overlap between species i and k in pairwise similarity scores (S) using the formula
where j is one of the six habitat zones and a ij and a kj values are electivities computed by dividing p i values by q i values for each species (Lawlor 1980a) . Similarity scores were converted to negative natural logarithms as distance scores (Nei 1972) , and distance scores were used in cluster analyses to show "ecological distance" for the five species. The clustering algorithm used was the unweighted pairwise group mean averaging (UPGMA) procedure (Sneath and Sokal 1973) . Although these techniques are usually used to show genetic distance, Lawlor's (1980a) similarity-score equation is identical to Nei's (1972) genetic-similarity equation, thus UPGMA clusters provide a visual means of examining matrices of pairwise similarity scores. Captured turtles were stomach-flushed (Legler 1977) to collect dietary samples. These samples were stored in 10% formalin for later analysis. Samples were sorted by prey taxon and quantified by counts and ash-free dry mass. For the latter, I dried separated samples for a minimum of 20 h at 40°C, weighed them, ashed them in a muffle furnace at 450°C for a minimum of 3.5 h, and weighed them again. The difference in mass before and after ashing is the ash-free dry mass. Samples of prey items that could be counted (e.g., chironomid larvae, snails, ephemeropteran larvae) were pooled across samples from individual turtles, and an average value taken for use in computing ash-free dry mass in each enumerated sample. For prey categories that could not be enumerated (e.g., algae, fish carrion, ectoproct colonies) ash-free dry mass was determined separately for each sample. Niche breadth, similarity scores, and UPGMA clusters were computed as described above, using mean proportion ash-free dry mass in all calculations. In calculation of electivities, samples were weighted according to sample size by species.
All turtles observed (including those observed in habitat zones other than the main six) were used in analysis of time of day and time of year differences. Samples were divided according to hour of day and month of year. Niche breadths, similarity scores, and UPGMA clusters were calculated as above, except that q i values were calculated based on sampling bias to correct for the fact that some months or hours of the day were sampled more frequently than others. Pseudocommunity analyses (Winemiller and Pianka 1990; Pianka 1992) were conducted using the computer program MacScramble (D.T. Haydon). Elements in each of the four resource matrices (habitat, diet, diel basking time, and seasonal basking time) were scrambled in 200 iterations using both the scrambled-zeroes (i.e., zeroes and nonzeroes in a five-species by six-habitat-zone matrix of counts were randomly reassigned) and the conserved-zeroes (i.e., only numbers ≠ 0 changed position) approaches. Significant community structure was considered to exist if 95% of the pseudocommunity overlap values at a rank (nearest neighbor, second-nearest neighbor, etc.) were higher (conserved-zeroes; resource partitioning) or lower (scrambled zeroes; guild structure) than the observed average overlap values at that rank (Winemiller and Pianka 1990; Pianka 1992) .
I conducted Mantel tests (Manly 1991) to compare the four resource-use matrices and to compare resource-use matrices to phylogentic-similarity matrices based on the phylogenies of Gaffney and Meylan (1988) and Bickham et al. (1996) . Mantel tests use iterated randomizations of similarity matrices to determine the probability that the correlation between two matrices is due to chance. I used 1000 randomizations for each comparison, with an alpha value of 0.05. For resource-use matrices, S ik values were used to construct similarity matrices. Because branch lengths were not published by Gaffney and Meylan (1988) or Bickham et al. (1996) , I set all branch lengths equal to 1 and calculated phylogenetic similarity of any two species as the distance between the two species divided by the total tree length using COMPARE 2.0 (Martins 1997). I also calculated Pearson's correlation coefficients for all possible pairs of resource-use matrices to determine whether trends in correlation were positive or negative.
Morphological correlates of resource use
In addition to the standard measure of plastron length (PL), six aspects of each species' morphology were measured in an attempt to correlate morphological differences with differences in resource use. I measured foreleg length (FL) by placing a turtle's foreleg with the elbow inward across its front, and palpating for the proximal end of the humerus. Measurement was to the edge of the toe webbing on the longest digit. Foreleg-toe length (FTL) was measured by palpating for the metacarpal-phalangeal joint with the turtle's leg in the same position, with measurement to the edge of webbing of the longest toe. To measure hind-leg length (HL), I straightened the hind leg of a turtle by applying pressure to the knee joint, and held the leg perpendicular to the long axis of the body with the toes extended. Measurement was from the proximal end of the femur (determined by palpation) to the edge of the webbing of the longest toe. Hind leg -toe length (HTL) of the longest toe was measured from the metatarsal-phalangeal joint to the edge of the webbing. All leg and toe measurements were to the nearest 1 mm. Head width (HW) was measured to the nearest 0.1 mm with a Vernier caliper at the greatest width of the head in a plane with the upper jaw, and alveolar width (AW) of the upper jaw was measured to the nearest 0.1 mm with a Vernier caliper from the inner edge of the alveolar surface to the outer edge of the upper jaw.
Tests for differences in morphological characteristics between males and females were conducted using an analysis of covariance (ANCOVA) with PL as a covariate, and withholding unsexed hatchlings and juveniles from analysis. For HW and AW, data were first log-transformed to account for the allometric relationship of these measures to PL (Lindeman 1997b) . Tests for differences among species were conducted using ANCOVA with PL and class (juvenile, male, or female) as covariates.
Results
Comparative resource use
A total of 2872 turtles was observed during 182 spottingscope counts conducted at Nickell Cove from 1993 to 1995: 1090 (38%) G. pseudogeographica, 991 (35%) T. scripta, 410 (14%) G. ouachitensis, 287 (10%) A. mutica, 75 (2.6%) P. concinna, 11 (0.004%) S. odoratus, 4 (0.001%) A. spinifera, 3 (0.001%) K. subrubrum, and 1 (0.0003%) C. serpentina. I also counted 95 Graptemys that I could not identify to species, and 35 emydid turtles that I could not identify to genus; unidentified turtles were withheld from all analyses. A total of 2639 observations (92% of the total) were made in the six main habitat zones (Fig. 1) .
The broadest use of habitat in Nickell Cove was exhibited by G. pseudogeographica (PS = 0.84), followed by P. concinna (0.82), G. ouachitensis (0.70), T. scripta (0.68), and A. mutica (0.28). Species distributions across habitat zones and habitat electivities (Fig. 3) show that A. mutica occurred almost exclusively in the APB and SSB zones, for which the four emydid species had electivities <1, except in the case of G. ouachitensis in APB. The four emydids may be considered as demonstrating a continuum of habitat use as follows: G. ouachitensis occurred most often in the two deep-water zones nearest the lake channel; G. pseudogeographica also occurred frequently in these zones but was found in the three shallow-water zones in greater proportions than its congener; P. concinna had slightly higher habitat electivities in the three shallow-water zones than in the two deep-water zones; and T. scripta had the highest electivities in the two shallowest zones nearest the creek inlet (Fig. 3) . Cluster analysis (Fig. 4A) conformed to the phylogenetic hypothesis of Gaffney and Meylan (1988) for these five species, placing the two Graptemys as sister groups, the two chrysemyds (sensu Ward 1984) as sister groups, and the trionychid A. mutica as the outgroup to the four emydids.
Further difference between A. mutica and the four emydids was seen in basking substrates chosen. Only eight of 287 A. mutica observed basking were on logs (all males); the rest (97.2%) basked on gravel and sand beaches. Conversely, only 14 of 2566 (0.6%) emydids observed basking were on beaches.
Pseudocommunity analysis demonstrated significant partitioning of habitat at the rank of fourth-nearest neighbor (i.e., least similarity), with conserved-zeroes analyses producing pseudovalues greater than the observed overlap values in 98.5% of cases (Fig. 5) . Apalone mutica was fourth-nearest neighbor of three of the emydids (all but G. ouachitensis), a result that appeared related to the low use of zones APB and SSB by the emydids and their high use by A. mutica.
Three emydids took diverse prey (PS = 0.69 for G. ouachitensis, 0.65 for G. pseudogeographica, and 0.59 for T. scripta,), while P. concinna (PS = 0.21) was a filamentous algae specialist (Appendix Table A1 ). Trachemys scripta fed most heavily upon (in order of mean ash-free dry mass) fish carrion, filamentous algae, grasses, beetles, and the aquatic macrophyte Myriophyllum spicatum. Graptemys pseudogeographica fed most heavily upon snails, the exotic clam Corbicula fluminea, filamentous algae, chironomid egg masses, fish carrion, emerging mayflies, the ectoproct Plumatella repens, and sponges. Graptemys ouachitensis fed most heavily upon filamentous algae, P. repens, emerging mayflies, chironomid egg masses, and dipteran larvae (also primarily chironomids).
For use in pseudocommunity analyses, I calculated similarity scores using dietary data from the four emydids only, as insufficient data were collected for the trionychid A. mutica (N = 6, four juveniles and two adult males). While the sample size for P. concinna also was small (N = 5), I used the data because they were collected from individuals that ranged more widely in body size (PL = 49-296 mm, x = 191.6 mm) and the data were consistent with prior findings of an almost exclusively herbivorous diet in P. concinna (Fahey 1987; Buhlmann and Vaughan 1991; Lagueux et al. 1995; Turner 1995; Dreslik 1996) . Fecal samples from two additional individuals (PL = 34 and 296 mm) also indicated nearly exclusive feeding on filamentous algae by P. concinna.
Dietary overlap was highest between the two Graptemys, and lowest between P. concinna and the other three species (Fig. 4B) . Pseudocommunity analysis demonstrated guild structure at the rank of third-nearest neighbor, with scrambled-zeroes pseudovalues lower than observed overlap values in 99.5% of cases (Fig. 6) . Pseudemys concinna was third-nearest neighbor of each of the other three emydids, thus guilds recognized may be termed algivory (P. concinna) and omnivory (other emydids).
Niche breadths with regard to diel use of basking time were similar for all five species: 0.87 for P. concinna, 0.84 for G. pseudogeographica, 0.82 for T. scripta, 0.81 for G. ouachi- tensis, and 0.80 for A. mutica. All but P. concinna tended to be seen most often, and showed highest hourly electivities, from late morning until early afternoon (Fig. 7) . Pseudemys concinna exhibited basking peaks between 07:00 and 10:00 and between 14:00 and 15:00 (Fig. 7A) . Only one A. mutica was seen basking prior to 09:00, and only two were seen during four observations made after 16:00 (Fig. 7A) .
Trachemys scripta declined in relative abundance over diel time. In morning intervals, it comprised 39% of all turtles seen, as opposed to 29% of all turtles in afternoon intervals (Fig. 7B) . Pseudemys concinna also declined in relative abundance, from 3.1% in the morning to 2.0% in the afternoon (Fig. 7B) . In contrast, the two Graptemys increased in relative abundance in the afternoon. Graptemys pseudo- geographica increased from 35% of all turtles in the morning hours to 42% in the afternoon, while G. ouachitensis increased from 12 to 17% (Fig. 7B) . Apalone mutica remained constant at about 10% (Fig. 7B) .
Cluster analysis of diel basking-time overlap values (Fig. 4C ) placed the two Graptemys as sister groups, joined in order by T. scripta, A. mutica, and P. concinna. Branch lengths were very short in this analysis, reflecting the highly similar diel basking habits of the five species. Pseudocommunity analysis revealed no significant structure in the assemblage with regard to diel use of basking time (Fig. 8) .
Niche breadths with regard to seasonal use of basking time also were similar for all five species: 0.80 for T. scripta, 0.79 for P. concinna, 0.76 for G. pseudogeographica, 0.69 for A. mutica, and 0.67 for G. ouachitensis. All species tended to be seen in relatively low numbers from JuneAugust (Fig. 9A) . Electivities tended to peak for all species in March-May and September-October periods and remained high for the two Graptemys during November and December. During the primary study months (May-August), relative abundance of each species remained relatively constant (Fig. 9B ). Cluster analysis (Fig. 4D ) was similar to that for diel time use (Fig. 4C) . Pseudocommunity analysis revealed significant partitioning of seasonal basking time at the rank of second-nearest neighbor, as 97% of conservedzeroes pseudovalues were above observed average values for this rank (Fig. 10) .
To be able to compare resource-use matrices in Mantel tests, I recalculated overlap values for diet using the data on A. mutica; this species then clustered with T. scripta (see Fig. 4B ). Mantel tests revealed significant intercorrelations of diet, diel time use, and seasonal time use (Table 1 ). In addition, diet was significantly correlated with phylogenetic similarity as represented by the Bickham et al. (1996) phylogeny. Habitat use was more similar to the phylogenetic similarity matrix of Gaffney and Meylan (1988) , while diet, diel time use, and seasonal time use were more similar to the phylogenetic similarity matrix of Bickham et al. (1996) . All P values in the Mantel tests were <0.41, and most approached or achieved statistical significance. In all comparisons of resource-use similarity score matrices, correlation coefficients were positive (Table 1) , demonstrating an overall tendency for the relative pairwise scores to be similar for pairs of species regardless of the resource category studied. 
Morphological correlates of resource use
Sexual dimorphism was apparent in most cases for morphological characteristics measured (Table 2 ). Male and female T. scripta differed in FL, FTL, HTL, and log (HW), with males having longer legs and toes and females having wider heads (Table 2 ). Male and female G. pseudogeographica differed in HTL, log (HW), and log (AW) ( Table 2) . Males had longer toes, while head width and alveolar width were greater in females. Male and female G. ouachitensis did not differ in any morphological measurements (Table 2) . Data for P. concinna and A. mutica were insufficient for analysis of sexual dimorphism owing to low capture success. Morphological differences among the three most frequently captured species occurred in all six morphological measurements (Table 3 , Fig. 11 ). Pairwise ANCOVAs, with PL and class as covariates, were used to determine which species were significantly different for each morphological measurement. Foreleg and hind-leg length and hind foot -toe length were all greater in the two Graptemys than in T. scripta (all P < 0.0001) but not significantly different between the two Graptemys (P > 0.20 in all cases). Forefoot-toe length was significantly greater in G. pseudogeographica than in the other two species (both P < 0.001), but G. ouachitensis and T. scripta did not differ (P = 0.11). Data for P. concinna indicate leg and toe lengths comparable to those of T. scripta, while A. mutica had relatively long legs and toes (Fig. 11 ).
Significant differences occurred in log (HW) and log (AW) among all three species (all P < 0.02), with T. scripta being intermediate in both respects to G. ouachitensis (narrow head and alveolar surfaces) and G. pseudogeographica (broad head and alveolar surfaces). Both P. concinna and A. mutica had relatively narrow heads and alveolar surfaces (Fig. 11) .
Discussion
Comparative resource use and the effect of interspecific competition Data collected suggest that interspecific competition played little role in structuring resource use of the five species studied. Pseudocommunity analysis indicated significant partitioning of habitat at only one nearest-neighbor rank. Apalone mutica was the most dissimilar species with regard to habitat, and the rank (fourth-nearest neighbor) at which it joined with three of the other four species showed significant partitioning. It is not necessary to invoke niche divergence via competition to explain this result, however, because separation was due largely to the use of different basking substrates. While the trionychid A. mutica used shorelines for basking almost exclusively, the four emydids used emergent deadwood almost exclusively; both habits are typical of the respective taxa (Webb 1962; Boyer 1965; Plummer 1977; Williams and Christiansen 1981; Ernst et al. 1994; Lindeman 1999 ). Little emergent deadwood occurred in zone SSB throughout the three years of study, and the fact that SSB was one of two relatively flat basking beaches preferred by A. mutica increased the distance between it and the other four species in UPGMA clustering.
Similarity scores for emydid diets were all relatively low. Prior to the development of null models for community resource use, low scores might have been interpreted as evidence for niche partitioning. No significant partitioning was detected in pseudocommunity analysis, however, and in fact significant guild structure was detected, with generalist omnivore (T. scripta, both Graptemys) and algivore (P. concinna) guilds. The low similarity scores were probably the result of the diversity of prey taxa, as 47 different prey categories were recorded among the three omnivorous species.
Overlap values were high and pseudocommunity analyses largely nonsignificant for diel and seasonal use of time in basking, indicating a lack of competition. The only significant structure detected was at the second-nearest-neighbor rank for seasonal time (significant partitioning), a result for which I have no obvious interpretation. The conclusion that competition for basking space is not important in this assemblage is supported by the low incidence of aggressive interactions during basking (Lindeman 1999) . Peak times for basking were 10:00-15:00 during the day and the months of March, April, May, September, and October. Unimodal distributions for diel basking frequency, with peaks centered around midday, have been reported previously for emydids (Sanderson 1974; Waters 1974; Auth 1975) .
Spring and autumnal peaks for basking also have been reported previously (Waters 1974; Gordon and MacCulloch 1980; Craig 1992) . However, peaks in spring and autumn may represent sampling bias; in at least the present study, counts in March, April, May, September, and October were conducted only when weather conditions seemed ideal for basking. Total time spent basking by turtles in these months may not exceed total time spent basking in the summer months, if fewer opportunities to bask occur in the spring and autumn due to weather conditions, causing higher numbers of turtles to bask simultaneously.
No evidence for niche complementarity (Schoener 1974) was found in interspecific analyses of resource use. In fact, trends in similarity were nearly the direct opposite of what would be expected under a model of niche complementarity, in that the two Graptemys were nearest neighbors in all analyses, T. scripta was the next most similar species for diel and seasonal time, and either P. concinna or A. mutica was always the outgroup to the other species in UPGMA phenograms. Under a model of niche complementarity, one would also not expect the uniformly low P values that were obtained in Mantel tests comparing the four resource-use matrices, nor for all correlation coefficients to be positive. In summary, species similar in one aspect of their resource use tended to be similar in other aspects as well.
Relationship of morphology to resource use
Significant differences in morphological characteristics measured appeared consistent with differences in resource use. Relatively long legs and toes typified both Graptemys and A. mutica, the three species that made the greatest use of the outer zones of Nickell Cove where deeper water and greater wave action occurred. All three species are also typically found only in lotic waters and their impoundments (Ernst et al. 1994) , whereas P. concinna is a lotic species that also occurs at high densities in some naturally lentic habitats such as swamps and oxbow lakes (Hart 1979; Ernst et al. 1994 Note: P values are the proportion of 1000 randomizations that produced correlation values higher than the observed value. Asterisks denote 95% significance. Given below each pair of resource-use matrices is a Pearson's correlation coefficient in italics. Table 1 . P values associated with Mantel tests for significant correlation between similarity matrices based on resource use and phylogenies of Gaffney and Meylan (1988) and Bickham et al. (1996) .
Morphological characteristic
Order of interspecific differences
Foreleg length
Gp = Go > Ts Foretoe length Gp > Ts = Go Hind-leg length Gp = Go > Ts Hind-toe length Gp = Go > Ts log (head width)
Gp > Ts > Go log (alveolar width)
Gp > Ts > Go Carapace height Gp = Go > Ts Note: Species abbreviations (Ts = T. scripta, Gp = G. pseudogeographica, Go = G. ouachitensis) are arranged in order of magnitude of the characteristic measured, with > indicating a significant difference (P < 0.05) and = indicating no significant difference between species. Table 3 . Results of pairwise analyses of covariance testing for significant differences in morphological characteristics, with plastron length and class (male, female, or juvenile) as covariates.
Lindeman 1997a), and T. scripta is an aquatic habitat generalist (Ernst et al. 1994; Lindeman 1997a) .
The broadest heads and alveolar surfaces occurred in the most molluscivorous species, G. pseudogeographica. Widening of the head and alveolar surfaces is associated with degree of molluscivory throughout the genus Graptemys (Lindeman 2000) , and "loggerheading" is a common feature of many other molluscivorous turtle taxa (Fachin Teran et al. 1996) .
The importance of phylogeny and historical resource use
Phenograms representing interspecific similarity in resource use were highly concordant with phylogenetic hypotheses for the five species studied. Based on morphological analyses by Gaffney and Meylan (1988) , A. mutica would be considered the outgroup to the two species pairs, the two Graptemys and T. scripta / P. concinna. This phylogenetic hypothesis has the same branching topology as the UPGMA phenogram for habitat use. Bickham et al. (1996) conducted molecular studies that suggested that Trachemys spp. is more closely related to Graptemys than it is to Pseudemys. The modified phylogeny is similar to the topology of UPGMA phenograms for diet and both diel and seasonal use of basking time, the differences being that P. concinna, rather than A. mutica, was the outgroup to the other species for diel and seasonal use of basking time, and T. scripta and A. mutica were clustered in the dietary UPGMA.
Species' patterns of resource use also were concordant with historical patterns of resource use in habitats with low anthropogenic influence. Kentucky Lake, with its numerous coves and embayments, had existed for only half a century at the conclusion of the present study and represents novel habitat in the evolutionary histories of the species considered. Historical riverine species (both Graptemys and A. mutica) were most abundant near the main lake channel with its deeper water and greater current, while the habitat generalist T. scripta dominated shallow zones of the cove. The species intermediate with regard to habitat use, P. concinna, had intermediate use of habitat zones within the cove.
Similarly, inclusion of Corbicula spp. among the prey base of Kentucky Lake reflects a recent anthropogenic influ-ence (McMahon 1982) . Corbicula spp. was fed upon heavily by G. pseudogeographica, the only species studied that is a mollusk specialist. Shively and Vidrine (1984) documented a shift from diverse molluscan prey to near-exclusive use of Corbicula spp. by G. pseudogeographica in Louisiana. Historical constraint is the probable reason for the relative lack of inclusion of this abundant exotic prey in diets of the other three emydid species studied in Nickell Cove.
Results of the present study complement recent studies of Vitt and colleagues (Vitt 1995; Vitt and Carvalho 1995; Vitt and Zani 1996) in demonstrating the importance of phylogeny in shaping resource use of species assemblages. Many patterns of differential resource use that appear consistent with evolution of niche partitioning may in fact represent nothing more than differences in the evolutionary histories of species involved. Without information on phylogeny, separation of the influences of species interactions from historical influences in structuring communities will not be possible. 
